More than two decades after the discovery of high-T c superconductivity the understanding of the underlying mechanism still remains a key issue. Significant progress in experimental techniques has been made with respect to the cuprate problem, enabling deep insight in the nature of the phenomenon. Many theories and ideas to capture the physics of these oxides have been suggested, but there is yet no consensus on a theory of high-T c superconductivity. Recent efforts [1] [2] [3] [4] [5] at explaining the exotic electronic properties of cuprates, in particular the origin of the so-called pseudogap region, involve quantum critical fluctuations of orbital currents (OC). These currents have been suggested to flow in the elementary O-Cu-O plaquettes within the CuO 2 planes and break time-reversal symmetry. Whether the translational invariance is violated depends on the suggested current pattern. The distinguishing characteristic of the formation of any such pattern is the resulting magnetic-field distribution.
So far, there is no agreement on the actual current path nor on its strength. Various experimental attempts to assess the orbital-current models have been made, and provide evidence for breaking of time-reversal symmetry from observations of dichroism in angle-resolved photo emission spectroscopy (ARPES) measurements on Bi 2 Sr 2 CaCu 2 O 8+δ was reported [6] . However, it is possible that the observed effect is caused by super-lattice modulations [7] . Introduction of Pb removes these structural distortions. Subsequent ARPES measurements on samples without this super structure did not reveal any dichroism [8] . Translational symmetry is expected to be broken for the d-density wave (DDW) phase [1, 3] , since the corresponding unit cell doubles. In contrast to the DDW phase, a scenario of circulating currents (CC) [5] preserves the translational symmetry. Recently reported neutron data [9] show qualitative consistency with one of the proposed patterns of CC. The observed unusual long-range magnetic order in the pseudogap region of YBa 2 Cu 3 O 6+x is static on the time scale of neutron scattering experiments and the reported moments are of considerable strength (0.05 -0.1µ B ). A very recent zero-field muon-spin rotation experiment [10] on La 2−x Sr x CuO 4 provides a rather low upper limit for static time-reversal violating local fields of 0.02 mT. However, according to Ref. 11 the magnetic field at the muon site, expected to be of several mT, is reduced by more than two orders of magnitude due to muon-related screening and finitestiffness effects of the order parameter.
To our knowledge, there are no reports in the literature on a nuclear magnetic resonance (NMR) study dealing directly with current patterns confined to the copper plaquette in cuprates. NMR is a highly suitable method for studying magnetic fields using the noninvasive nuclear moments of the compounds' own atoms as microscopic probes. While NMR gives information on static as well as fluctuating internal fields, its ability to directly test the orbital-current models depends on the proposed current path and strength. Static fields arising from the proposed current phases (DDW, CC) cannot be seen directly in NMR measurements on nuclei of ions located in the CuO 2 plane, since the fields cancel at these sites for symmetry reasons. In YBCO compounds the Y ions do not lie at centers of symmetry for the DDW and the CC phases, when considering just a single plane. [12] . This specific material exhibits a high transition temperature to superconductivity of T c = 95 K and shows a clear pseudogap phase above T c [13] . It consists of alternating YBa 2 Cu 3 O 7−δ (Y123) and YBa 2 Cu 4 O 8 (Y124) blocks. Pure Y124 is in the underdoped regime, featuring a pronounced pseudogap, whereas pure Y123 is close to optimal doping, showing no pseudogap features above T c . The main structural difference between Y123 and Y124 is that the latter possesses double chains with no oxygen vacancy, in contrast to single-chain Y123. As in Y124 and Y123 the CuO 2 planes in Y247 form bi-layers separated by Y ions. Unlike the parent compounds, the adjacent planes in Y247 are unequally doped [13] . As was pointed out by Lee and Sha this doping difference should to some extent prevent a possible cancellation of the staggered magnetic fields between bi-layers [12] .
In this paper, we address the presence of OC in Y247 by means of 89 Y NMR. With this method, and using the relation 89 ω L = 89 γ n B ( 89 γ n is the gyromagnetic ratio of the 89 Y nucleus) connecting the Larmor frequency ω L with the magnetic field B, we are able to monitor the local magnetic field B at the single Y site accurately. Since 89 Y carries no quadrupole moment, the measured NMR line width (LW) and the nuclear spin-lattice relaxation (NSLR) are of purely magnetic origin. In our experiment, the observed field B is the sum of a large externally applied magnetic field B 0 and much smaller internal magnetic fields, part of the latter possibly stemming from OC. Since the pseudogap is insensitive to large external magnetic fields [14] , we conclude that B 0 should have a minor, if any, effect on the orbital currents. Note that if the internal fields are much smaller than B 0 , then in general the internal static magnetic fields influence the NMR LW only when pointing along B 0 . For the NSLR process of 89 Y, only magnetic fields fluctuating in a direction perpendicular to B 0 are relevant. We provide upper limits for static and dynamic field amplitudes created at the Y site in the normal-conducting phase.
The Y247 sample was prepared using solid-state techniques described elsewhere [15] . A pure Y247 phase with a phase-impurity level of less than 0.5 % by volume was achieved. The powder was suspended in epoxy and oriented in a 9 T field in order to study anisotropic properties. This procedure yields samples with a high degree of c-axis alignment of its grains, whereas the a and b axes of the crystallites remain randomly distributed.
The NMR experiments were performed using a conventional phase-coherent pulse NMR spectrometer with an external field of B 0 = 9 T. The 89 Y NMR spectra were obtained by complex Fourier transformation of the spin echoes, which were recorded using a phase-alternating spin-echo accumulation technique. The NSLR time, T 1 , was measured using a saturation-pulse sequence. Temperatures in the range from 310 K down to 100 K were controlled with a precision of better than 0.1 K. Now, we describe and discuss our results concerning static field effects originating from possible OC. The formation of a static DDW or circulating current pattern in a plane, expected at T c < T < 310 K, leads to a magnetic-field arrangement exhibiting additional static fields at the Y site. Due to the planar confinement of the currents, these fields are directed either perpendicular to the CuO 2 planes or lie parallel to them, depending on the type of pattern. In the case of CC the fields at all the Y sites in a domain of correlated currents point in the same direction parallel to the plane. However, with B 0 applied parallel to the planes (B 0 ⊥ c) a symmetric broadening of the Y line, and not a shift, is expected for the following reasons: (i) the a-and b-axis directions of the crystallites in the c-axis oriented powder are randomly distributed in a plane perpendicular to the c axis, and (ii) the domains of correlated CC are of finite size. The DDW scenario on the other hand, leads to antiferromagnetically arranged fields at neighboring Y sites within a particular domain, pointing perpendicular to the CuO 2 planes. Hence, a splitting of the absorption line should be observed when B 0 is applied perpendicular to the planes (B 0 c). However, this splitting may well be unresolved. In this case an additional symmetric broadening of the Y line should still appear. Thus the temperature dependence of the 89 Y LW is directly influenced by the appearance of OC, but in the discussed cases only for a particular direction of B 0 .
The temperature dependence of the 89 Y NMR LW and frequency in the normal conducting phase of Y247 from room temperature down to 100 K were measured for both field orientations. The results are presented in Fig. 1 . When cooling, a substantial drop of the measured 89 Y magnetic shift (Fig. 1c) was observed, which clearly demonstrates the presence of the pseudogap state in the sample. Panels (a) and (b) of Fig. 1 display typical examples of the measured 89 Y absorption lines at 100 K for both field orientations. In pure Y124 we obtained a Y absorption line, which has a symmetric shape for all temperatures from room temperature down to 100 K with a nearly constant width. This behavior implies that the Y LW of stoichiometric Y124 is mainly due to dipolar interactions. In contrast, Y247 exhibits an Y line asymmetry towards higher frequencies, which we attribute to doping inhomogeneity of the Y247 compound introduced by the Y123 blocks. It is known that in this temperature range the non-stoichiometric Y123 compounds exhibit oxygen clustering in the CuO chains which affects the homogeneity of the doping. The magnetic shift is strongly dependent on the mobile carrier density (doping). Thus, a variation in carrier-density entails a distribution of the Y magnetic shift, leading to a broadening of the Y line. The magnetic line shift of Y arises mainly from two contributions: a negative carrier-related shift and a positive temperature-independent chemical shift [16] . Oxygen clustering in the single chains causes a carrier-density variation, which cannot exceed the density of Y1237 (filled chains, slightly overdoped) but can have values corresponding to substantial underdoping. Since the Y magnetic shift is negative, the broadening of the Y line is asymmetric towards higher frequencies. Upon cooling from room temperature the Y magnetic shift decreases when the pseudogap opens (Fig. 1c) ; the larger the magnitude of the pseudogap, the stronger the decrease. The magnitude of the pseudogap strongly depends on the doping level. Nearly optimally doped Y123 shows almost no temperature dependence of the plane copper shift, whereas underdoped Y124 with its substantial pseudogap shows a strong decrease of the plane copper shift in the investigated temperature range (see e.g. Ref. 13) . Therefore, inhomogeneous doping should lead to a steady increase of the full Y LW in Y247, accompanied by a growing asymmetry of the line shape with decreasing temperature. This is indeed observed. The full Y LW (FWHH) (Fig. 1d, inset) and its skewness increase for both field orientations when cooling. In addition, we detect a crossing of the two temperature dependences of the FWHH at ∼ 140 K. This is expected from doping inhomogeneity, since for measurements with B 0 c the drop of the magnetic shift due to the pseudogap is more pronounced as compared to the one with B 0 ⊥ c (Fig.  1c) . This difference causes a stronger line broadening for B 0 c than B 0 ⊥ c, implying that the two curves for B 0 c and B 0 ⊥ c cross each other at ∼ 140 K (Fig. 1d,  inset) .
In order to minimize the disturbing influence of doping inhomogeneity, we have focused on the leading-edge LW at half height (LEW) to detect the symmetric broadening due to possible OC. The temperature dependence of the LEW for both field orientations is plotted in Fig. 1d . The high-temperature limit of the LEW for Y247 agrees with that of Y124, within measurement uncertainties. For both field orientations at 100 K an increase in the LEW of ∼ 150 Hz is obtained as compared to the 310 K value. Assuming this increase is caused entirely by static OC effects, the maximum field amplitude at the Y site in Y247 is [{(400 Hz)
mT. This number was deduced under the conservative assumption that different effects contributing to the LEW add quadratically. Note that the LEW increases for both field orientations.
A bi-layer structure possibly causes a cancellation of fields if there is an antiferromagnetic inter-plane interaction between OC of neighboring planes. Although results from neutron measurements favor an in-phase OC circulation [9, 17] , we assume anti-phase circulation because of the coupling between OC from adjacent planes, which increases the upper limit of the single plane field. The carrier density in Y247 for planes from both blocks (Y123 and Y124) has been deduced and a difference of ∼ 20% was determined [13] . We take the difference of the orbital-current strength j to be of the same order of magnitude, because j is inversely proportional to the doping level [4, 18] . Therefore, in the case of anti-phase circulation of OC in neighboring planes we may have to increase our single layer limit by a factor of ∼ 5 and end up with a maximum field of ∼ 0.75 mT at the Y site from OC in a single CuO 2 plane. Unless the actual current pattern differs from the proposed ones, a LW broadening due to OC is expected only for one orientation, which is not the case. Therefore, the estimated field amplitude due to OC is rather strongly exaggerated.
Next, we describe and discuss the NSLR and LW experiments in the context of possible non-static OC and provide an upper limit for the additional field amplitude at the Y site due to fluctuating OC. For the NSLR rate, 1/T 1 , the time-dependent local magnetic fields perpendicular to the quantization axis, given by B 0 , are relevant. As stated before, OC create fields that fluctuate either parallel or perpendicular to the CuO 2 planes. Consequently, the appearance of fluctuating OC on varying the temperature should change the rate anisotropy R = 89 , where the first term in the sum is the rate due to mechanisms not related to OC and the second term is due to possible OC. Within error the measured R is constant from 100 to 300 K with a weighted average ofR = 1.145 (18) . Taking twice the error ofR as the upper limit of the change due to possible OC at 100 K, the maximum effect at the lowest temperature measured does not exceed 3%. Considering this possible change as being caused purely by fluctuating OC, we deduce an upper limit for the corresponding fluctuating field amplitude. The relation between 89 T orb 1 , the fluctuating OC field amplitude ∆B orb , and the associated correlation time for the fluctuating orbital-current pattern τ c is given by [19] 
Taking an additional contribution of 3% for the NSLR rate due to possible OC (see above) and
2 from Eq. (1), we plot ∆B orb versus τ c (see solid line in Fig. 2 ). To get an upper limit for ∆B orb we restrict τ c at high and low frequency. In the fast fluctuation regime, the lower limit τ c > 10 −11 s is given by a recent neutron measurement on YBCO [9] (see dotted line in Fig. 2 ) [20] . To determine an upper boundary for τ c we use the result of the LW measurement and apply the formula for LW motional narrowing [21] 
where δω denotes the motionally narrowed LW, δω orb static represents the LW broadened by static orbital-current effects only, δω r is the LW at high temperatures, where the fast fluctuating orbital-current effects on the LW are averaged out, and α is a dimensionless factor of the order of unity. Reformulating Eq. (2) and using δω orb static = 2 · 89 γ n ∆B orb (the factor 2 is due to the two possible field directions) yields ∆B orb = (Fig. 1d) as δω r /2π and twice the LEW of 400 Hz at 100 K as δω/2π we are able to plot the corresponding ∆B orb as a function of τ c (dashed line in Fig. 2 ). From Fig. 2 it is obvious that 89 Y experiments set an upper limit for the OC field amplitude at the Y site in Y247 of ∆B orb 0.7 mT at 100 K. In the case that this field is the result of putative anti-phase circulating OC in the neighboring planes, then, as discussed before, the limit for the field coming from one plane only would have to be increased by a factor of ∼ 5.
In summary, from our 89 Y NMR measurements in Y 2 Ba 4 Cu 7 O 15 we conclude that any additional static magnetic field at the Y site, showing up in the normalconducting state below room temperature, is smaller than 0.15 mT. For the fluctuating field amplitude we find an upper limit being 0.7 mT. These values are considerably smaller than theoretical predictions for YBCO, which are in the range of several tens of mT, see e.g. [11] .
